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ABSTRACT 
It was the purpose of this study to subjectively analyze the rea-
sons for the failure or success of three patients for the treatment of 
strabismus utilizing auditory biofeedback. We found that a patient's 
degree of motivation was a major impetus in acquiring an orthotropic 
posture. 
However, several other factors serve as important prognosticators . 
These factors include : (1) the age of the patient (pre-teens may be 
less successful biofeedback patients due to their limited attention 
spans), (2) his or her verbal skills (more articulate patients can 
readily report which targets and distances are most beneficial in tern1s 
of achieving orthotropia). 
Finally, the possibility of conducting home vision training uti-
lizing an auditory biofeedback device is discussed. Rome biofeedback 
training is still an untapped resource in the realm of strabismus 
therapy . Future research could be directed towards this area . 
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INTRODUCTION 
This paper is presented as three case studies designed to answer 
the following question: What are the reasons for the success or failure 
of auditory biofeedback for the treatment of strabismus? Letourneau 
1 
and Ludlam indicated that their patient was more motivated using audi-
tory biofeedback than she was during traditional visual training. As 
a consequence, she made more progress utilizing the biofeedback. They 
also suggested that since a patient has immediate knowledge of her 
performance "the patient makes a smaller number of mistakes and loses 
less time in a training session. 11 
Hirons and Yolton2 developed an auditory biofeedback system using 
trial frame mounted infrared sensors which caused a tone to sound if the 
patient's eyes were not aligned . "Subjects reported that they were 
motivated during the study not only because of their interest in the 
project itself but because their ability to manipulate the biofeedback 
tone was in itself highly reinforcing . " 
3 This research 1s a continuation of Inverso and Larsen's study, 
11Biofeedback-Enhanced Vision Training for Strabismus". Three strabismic 
patients were treated using the Hirons and Yolton auditory biofeedback 
system . Pertinent case histories, diagnostic data , and discussions are 
presented for each patient . 
-1-
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THE EQUIPHENT 
The auditory feedback equipment used was developed by Hirons and 
Yolton and consisted of two pairs of infrared sensors mounted on the 
lower portion of trial frame eyewires. The sensors were positioned so 
that , when the trial frame was adjusted properly on the patient's face, 
the sensors pointed at the nasal and temporal limbi of each eye . The 
sensors were connected to a differential amplifier which emitted a 
tone when an eye deviated. The tone varied in pitch depending on how 
large the deviation was: a high pitch indicated a large deviation and 
a low pitch indicated a small deviation. Thus, the patients could 
11hear 11 their eye movements as they brought their eyes into an ortho-
tropic posture . 
In the present study, fixation targets consisted of three Bernell 
Tranaglyphs (909BC, 520BC, and 920H) combined with red-green glasses 
over the patient's best correction. (Red-green filters and trial lenses 
were inserted into the trial frame.) These targets are designed such 
that the patient should experience the sensation of the target rings 
"floating" in the air if she maintains her binocularity. In addi-
tion, the red-green serves as an anti~uppression control. 
The value of the Bernell Tranaglyphs is explained in greater 
detail in Case 1 , which follows. This patient's success is partly 
attributable to her understanding of these fixation target advantages, 
such as anti-suppression controls and ring "floats". 
Case 1 
CHIEF COMPLAINT AND HISTORY 
Case 1 is a 15-year-old female with a several year history of 
severe frontal headaches and blurred vision in her right eye since 
five years of age . At age five, direct patching was undertaken on 
her left eye with limited success in improving the visual acuity of 
her right eye . The headaches continued in severity and frequency 
during her early teens such that the patient would feel as if she 
would have to vomit due to the intense pain. The patient was wearing 
Polycon contact lenses on a full-time basis when she reported to 
Pacific University for a vision therapy work-up. 
DIAGNOSTIC DATA 
Habitual visual acuities were 20/60 with the right eye , 20/15 
with the left , and 20/20 with both . Single line acuity showed an 
improvement in the right eye to 20/40. Her present prescription 
(contact lenses) was : 
R.E. : +3 . 00 D. S. 
L.E.: -3 . 25 D. S. 
Cover testing with this correction showed lO A of constant un1-
lateral right esotropia with 6 A of right hypertropia at distance in 
the primary position of gaze. Cover testing at near indicated 14 A 
of right esotropia with 10 ~ of right hypertropia.. Measurement with 
the amblyoscope revealed base out ranges from 13 A to 30 a and no 
base in ranges whatsoever . The 6 a of right hypertropia found earlier 
was confirmed with the amblyoscope . 
Testing for ec centric fixation with the Haidinger Brush indicated 
no evidence of eccentric fixation , although the patient reported that 
3 
the "propeller" appeared to be less vivid with the right eye compared 
to the left. The Hering-Bielchowsky Afterimage Test revealed a 
varying degree of anaomalous retinal correspondence (ARC) alternating 
with normal retinal correspondence (NRC). 
Ophthalmoscopy showed normal eye health. Pupillary responses 
(direct, consensual, and accommodative) were normal, as were visual 
field measurements. Intraocular pressure, measured by AO non-contact 
tonometry, was 12 mm Hg in both eyes. 
Distance retinoscopy verified her highly anisometropic Rx. 
Retinoscopy findings were: 
R.E.: +2.25 -0.50 X 180 
L.E.: -3.75 D.S. 
DISCUSSION OF DATA 
20/40 
20/15 
As expected, there was only a faint foveal reflex in the right 
eye, which we diagnosed as amblyopic since there was greater than two 
lines difference in acuity bet1:veen the two eyes (20/40 OD, 20/15 OS) . 
The severe frontal headaches, the patient later told us, were often 
triggered by bright lights. This is not particularly surprising con-
sidering that many patients with small amounts of hypertropia (as 
little as lA ) often experience intense photophobia. 
TREATMENT PLAN 
The patient was seen for 20 one-hour sessions over a period of 
four weeks under the biofeedback program outlined earlier. We 
started training with the Bernell 909BC Tranaglyph, which requires 
the smallest demand on visual acuity of the Bernell series. After 
two weeks of training we switched to the 520BC, as the patient was 
suppressing her right eye less often and was having less difficulty 
4 
fusing the targets. After several days of working with the 520BC, 
the patient was fusing the target with considerable ease, despite the 
increased acuity demand, and was generally experiencing the sensation 
of the rings "floating" in the air, a sign of stereopsis. During the 
last two days of therapy we used the 920H target, which provides the 
greatest acuity demand of the three targets we employed. 
As the size of the targets decreased we simultaneously increased 
the distance between the patient and the target, thus increasing the 
visual acuity demand further. Another effect produced by increasing 
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the distance was to force the patient to steadily reduce her angle of 
esotropia in order to fuse the target and experience the "float". We 
found we could successfully increase the viewing distance at an approxi-
mate rate of one foot per session, so that by the end of the twentieth 
session the patient was orthotropic at fifteen feet, the length of 
our testing room. 
We occasionally found the patient to report the onset of frontal 
headaches during the therapy, at which times we would terminate therapy 
for the day as patient concentration and alertness are extremely impor-
tant during the biofeedback process. Also of note is that a +1.00 D. 
sphere inserted into the right lens bank of the trial frame enabled 
the patient to fuse the targets with greater ease. Our only explana-
tion for this is the possibility of the convex sphere producing a 
beneficial mangification affect for the right eye. Nevertheless, 
towards the conclusion of therapy, we removed the +1.00 D. lens from 
the trial frame and the patient was still able to fuse the target. 
DISCUSSION AND CONCLUSIONS 
As expected, at the beginning of each sess1on the frequency and 
intensity of the tone was greatest. As the patient slowly adjusted 
to the new distance and/or target, both the frequency and intensity 
of the tone would decrease. In this manner, by the conclusion of 
each session she felt as if she had truly accomplished something for 
6 
the day and was making steady progress . It is upon this very premise 
that we attribute much of the success we or other clinicians have 
experienced with biofeedback and its application to strabismic patients. 
In this particular case, the fact that the patient missed only one 
sess1on of the scheduled twenty attests to her feeling of accomplish-
ment and satisfaction with the biofeedback program. 
As therapy progressed the patient reported that the severity and 
frequency of her headaches decreased during all types of activities . 
She felt she was using her right eye more during this period and 
noticed a heightened sense of color vision with that eye. 
We believe her exceptional motivation was attributable to seeking: 
(1) a cure for her headaches, (2) an improved cosmetic appearance , 
(3) better binocular skills for athletic competition. 
Finally , we found that this patient was able to precisely verba-
lize which targets and distances seemed to bemostbeneficial in terms 
of developing her binocularity at any given time. Therefore, we were 
able to formulate our therapy around her particular responses. This 
last factor, a patient's oral responses , 1s an important one in pre-
dicting the success of biofeedback therapy. 
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Case 2 
CHIEF COMPLAINT AND HISTORY 
Case 2 is a 10-year-old male with a history of congenital alternating 
esotropia of 40b -50a . At the age of 4~ months alternate patching was 
undertaken. By eight months of age the child's eyes appeared aligned to 
his parents from time to time . Just prior to his second birthday he 
underwent surgery consisting of a right medial rectus recession, a left 
medial rectus recession and a left lateral rectus resection . Two months 
post-operative his cosmetic appearance had improved considerably, but he 
still had some degree of left esotropia and patching of the right eye 
was resumed as a result. 
Subsequently , at two years of age, single v~s~on lenses were pre-
scribed. The patient's parents reported that his eyes appeared aligned 
with continued use of the spectacles. At this time he was an alternating 
esotrope of 20A at both far and near. Patching of the right eye was 
resumed since visual acuity with the left eye was still only 20/40. A 
year later he measured 16A of esotropia at distance and 186 at near. 
His prescription at that time was : 
R.E.: +3.00 D. sphere 
L.E.: +2.25 D. sphere 
When the patient reported to us he was wearing that prescription . 
DIAGNOSTIC DATA 
Uncorrected distance visual acuities were 20/30 with either eye 
alone and 20/30 with both eyes . With his spectacle prescription there 
was a slight improvement of acuities, but less than one line improvement. 
At distances greater than . 5 meters the patient was diplopic in all 
positions of gaze . Cover testing at near indicated an A pattern (great-
est deviation superiorly, least deviation inferiorly), alternating esotropia 
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of 68 superiorly and orthotropia inferiorly. The troposcope revealed 
356 base out for both the objective and subjective angles. (Since the 
subjective angle was the same as the objective angle when both were 
measured simultaneously , it was concluded that there was no angle of 
anomaly . ) The patient's alternating esotropia was due to bilateral 
superior oblique overaction though he performed with his right eye alone 
(allowing the left eye to deviate) most of the time . There was no ev1-
dence of either ARC or eccentric fixation . 
Saccades indicated erratic , stair-stepping eye movements . Motor 
fields (versions) supported the patient's preference to use his right 
eye ; the left eye showed a slight horizontal nystagmoid-like movement 
when tracking objects using both eyes . 
Subjective refraction to best visual acuity was : 
R.E.: +2.25 D. sphere 
L. E. : +1 . 75 -.50 X 090 
Either eye alone and both together resulted 1n 20/20 acuities at dis-
tance through the subjective lenses . 
Keystone skills revealed the presence of simultaneous perception . 
Neither superimposition nor stereopsis were present . 
TREATMENT PLAN 
The patient was seen for n1ne half-hour sess1ons of auditory bio-
feedback over a period of three weeks. The other half-hour of each 
session was devoted to conventional vision therapy. (Here , conventional 
vision therapy, VT, 1s defined as the traditional optometric and orthop-
tic methods of developing monocular , biocular , and binocular visual 
skills in motilities , fixations, vergence and accommodative amplitude 
and facility , and stereoscopic functions . ) Prior to his enrollment 
9 
1n the biofeedback program the patient had been seen at the clinic for 
conventional VT over a period of 16 months and had achieved a mild degree 
of success. The importance of this last point is that right from the 
start of his biofeedback therapy the patient presented a poor attitude. 
He had not achieved the level of success he had hoped for under conven-
tional VT and viewed the biofeedback as another aspect of the same. 
DISCUSSION 
At the conclusion of the first biofeedback sess1on the patient 
indicated that the deviant eye seemed to be "pulling" throughout the 
session, forcing itself into momentary alignment. Despite what appeared 
to us to be an outward indication for future ocular alignment the patient 
complained of tiredness throughout the remaining sess1ons and became 
less enthusiastic about the biofeedback program as the days passed. 
However , other aspects of this individual case must be considered. 
First, at the time we enrolled the patient in the biofeedback program 
he had no visual complaints other than intermittent diplopia, which he 
had adapted to well enough as far as he was concerned. He was reading 
and performing at his appropriate grade level (5) and was not disturbed 
about his crossed eye. He was alternating with considerable ease and 
efficiency " Unlike Case 1 , a teenage girl with severe headaches and 
a great concern for her physical appearance, i.e. straight eyes, Case 2 
presented neither these complaints nor any others concerning his eyes 
or v1s1on . Thus, his level of motivation was low from the outset . In 
addition , as a post-surgical esotrope, we realized we would be facing 
a difficult case with which to achieve a functional cure. Unfortunately, 
this held to be true as the patient made little progress during the 
three week period . A further confounding factor was that the patient 
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had difficulty verbalizing which targets and which distances seemed to 
be most beneficial to him in reaching a goal of cosmetic alignment. 
(Although we could judge from the device's tone whenever the patient was 
approaching alignment , this could not substitute for a patient's sub-
jective responses . ) Case 1, for instance, was able to precisely verbalize 
how each target and distance affected her binocularity at that moment 
during each two-minute trial period . This factor, combined with her 
enthusiasm for the program and the gradual progress she was making , truly 
set her apart from Case 1. 
Case 3 
CHIEF COMPLAINT AND HISTORY 
Case 3 is a 6~-year-old male with a history of constant left eso-
tropia at birth. At 2~-years direct patching of the right eye was 
undertaken which succeeded in changing the deviation to alternating 
esotropia . The patient had been prescribed single vision lenses for 
full-time wear by another optometrist following the occlusion therapy. 
However, the patient had lost this Rx just prior to his initial visit 
to Pacific University for a visual analysis. 
DIAGNOSTIC DATA 
Entrance visual acuities were 20/20 with the right eye, left eye, 
and with both eyes. Distance retinoscopy revealed no refractive error 
~neither eye . 
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Cover testing showed between 15a and 20a of alternating esotropia 
~n all nine cardinal positions of gaze at both near and far. Measure-
ment with the amblyoscope indicated a tropia of 2oa with both first and 
second degree fusion targets in place. 
Near point of convergence measurements were two inches for a "break" 
and seven inches for a "recovery11 • This NPC was found on repeated 
trials, always with the same break and recovery. However, the patient 
did show an increasing amount of facial stress with succeeding trials. 
Monocular light fixation showed steady and equal fixation with both 
eyes . The Hirschberg Test (binocular light fixation), however, showed 
a difference of two mm of fixation between the two eyes. Thus, eccentric 
fixation was ruled out nor was it ever suspected as acuities were equal 
in both eyes. 
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Versions and saccades were erratic with each eye alone and both eyes 
together. Fusion skills with the amblyoscope revealed simultaneous per-
ception and superimposition (first and second degree fusion), but no 
stereopsis (third degree fusion). Anomalous Retinal Correspondence 
(ARC) was ruled out with the use of the Bielchowsky Afterimage Test and 
with the presence of luster when using red-green glasses. 
TREATiviENT PLAN 
We prescribed +2.25 D.S. OU for full-time wear with +1 . 50 D. clip-
ons for near work. The patient was seen three times per week over a 
period of six weeks for biofeedback training. Each session lasted 
approximately . 1/2-hour . After several biofeedback sess~ons the patient 
began to lose his concentration on the Bernell fixation targets and 
started to verbalize his disenchantment with the biofeedback program . 
His verbal cues were supported by non- verbal ones as well, as he would 
frequently fidget in his chair and sigh with relief at the conclusion 
of each two-minute biofeedback interval . 
As a result, we began to substitute conventional v~s~on therapy 
for a portion of each half-hour sess~on. The patient found conventional 
training more stimulating (particularly when playing video games with 
red-green anti - suppression glasses), but made little progress with 
either form of training. 
DISCUSSION 
As with Case 2 we found ourselves dealing with an unmotivated patient 
with no visually-related complaints. Both patients were alternating 
efficiently and had made the necessary adaptations to their visual 
environments . We found both of these alternating esotropic patients to 
be poorly motivated towards the biofeedback program as neither was 
convinced that he had much to gain from it. Both patients, ten- and 
six-year olds, respectively, found it difficult to sit through the 
half-hour, three times per week sess1ons. This 1s probably attribut-
13 
able to both their young age and lack of motivationtoreach an orthotropic 
posture . This is 1n direct contrast to the 15-year- old female, Case 
1 , who approached us with a great willingness to align her eyes and an 
attention span and communication skills to match. 
CONCLUSIONS 
Several important comparisons can be made between conventional 
vision training and auditory biofeedback. Many patients enjoy the 
instantaneous nature of the "feedback" in biofeedback. The tone gives 
the patient inmediate and objective cues regarding her ocular align-
ment; she instantly knows when she has achieved orthotropia (no tone) 
or any increasing degree of heterotropia (progressively higher pitch). 
This is in direct contrast to conventional v~s~on training where a 
patient has less tangible means of grading his or her ocular position. 
The biofeedback device acts as an objective, omniscient third party 
between clinician and patient. No device provides such definitive 
reinforcement amongst the gamut of traditional VT instrumentation. 
However, biofeedback is not without its drawbacks. When working 
with pre-teens we find that a child's attention span is an important 
limiting factor in determining her potential to achieve orthotropia 
within a given number of biofeedback sessions. The equipment set-up 
demands that the patient remain virtually motionless during the two-
minute training sessions, as any head movement will trigger the tone, 
thereby acting as a confounding variable. (The patient rests her head 
~n a chin rest; thus, talking will also trigger the infrared sensors 
to produce the tone.) 
Naturally, young children find it difficult to sit still for con-
secutive two-minute trials. In addition, the only visual stimulation 
consists of stationary visual acuity charts or tranaglyphs. (Noveable 
14 
targets, such as those found in conjunction with a rotoscope or saccadic 
fixator, are impossible to incorporate as they dictate the need for ocular 
motility.) The patient ~s continually limited to the primary position 
of gaze as the desired endpoint in the training reg1men. In short, 
little variety exists 1n terms of equipment and patient involvement 
during therapy. The patient need only "concentrate" her eyes into 
position; anything beyond that would be counterproductive. 
15 
On a positive note is the possibility of conducting home training 
with the biofeedback device. Assuming a patient could either rent or 
purchase a device from a manufacturer, the possibility of home training 
would be the next logical step. All that would be needed is a proper 
environment (a corridor or living room would be suitable) and an 
individual to operate the dials and adjust the infrared sensors attached 
to the trial frame. He or she would also have to check that the patient 
was not looking out of the range of the sensors. This " technician11 
would simply operate the hardware and insure that no "cheating" 1s 
taking place. At pre-designated intervals of time both patient and 
technic ian \vould confer with the 0 .D. to discuss their progress and 
report any difficulties with the equipment. With only one training 
instrument (plus several targets) to operate, the technician (a family 
member or friend) could likely succeed as a home vision training thera-
pist. 
Despite the apparent objectivity on the part of the technician in 
auditory feedback, she also must be willing to elicit and understand a 
patient's verbal messages . More mature patients are capable of reporting 
which targets at which distances are providing them with the optimum 
opportunity to achieve an orthotropic posture. They often report that 
certain targets or distances are more prone to force their deviated eyes 
to alignment. It then becomes the responsibility of the technician to 
utilize those targets and distances most frequently. Different patients 
recognize different targets as those which demand the greatest quantity 
of visual concentration to achieve ocular alignment. And, the more 
concentration the patient invests into his work (for biofeedback is, 
indeed , work) the sooner she will reach orthotropia. In this sense, a 
given patient can progress at her own rate once rapport is established 
with the therapist. 
The key point in summarizing this discussion is: children, due to 
their limited attention span and communicative skills, are . less likely 
to be successful biofeedback patients. In addition, the objective 
nature of this mode of therapy is more likely to be appreciated by 
16 
adults than by pre-teens. Once a patient and therapist have demonstrated 
their understanding of the operational technique of the equipment they 
could take home a biofeedback device. Perhaps it is in the realm of 
a home training apparatus that auditory biofeedback for strabismics 
could reach its greatest potential. 
17 
APPENDIX 
CASE SUMMARIES 
Case 1 Case 2 Case 3 
AGE 15 10 6!:2 
SEX Female Male Male 
CHIEF Frontal headaches Crossed eye Crossed eye 
COMPLAINT Blur- -right eye 
PREVIOUS Direct patching Alternate patching Direct patching 
TREATMENT Conventional V.T. Surgery 
Conventional V. T. 
HABITUAL OD: 20/60 OD: 20/30 OD: 20/20 
V.A. OS: 20/15 OS: 20/30 OS: 20/20 
OU: 20/20 OU: 20/30 OU: 20/20 
HABITUAL OD: + 3. 00 D. S. OD: + 3 . 00 D. S . Lost Rx 
Rx OS: -3.25 D. S . OS: + 2.25 D.S. 
COVER far lOli R. eT.* Constant diplopia 156-20 A alt . eT. 
TEST 6A R. Hyper tropic 
near 14AR . eT. Alt. eT.: 6 1::. sup. 15 li-20 £\ alt. eT. 
(UNILATERAL) 10 8 R. Hyper tropic Ollinf. 
ECCENTRIC No No No 
FIXATION 
A.R.C . Alternating with No No 
N.R.C.** 
OCULAR Normal Normal Normal 
HEALTH 
REFRACTION OD: + 2 . 25 -.50 OD : + 2 . 2 5 D . S . OD: plano 
X 180 OS: + 1. 75 -.50 OS: plano 
OS: -3.75 D. S. X 090 
BIOFEEDBACK Improved color Intermittent No change in 
RESULTS vision distance tropic angle 
Less frequent diplopia 
headaches No change in 
Inc. use of tropic angle 
right eye 
Constant 
binocularity 
Or tho tropia 
* eT = esotropia ** N. R.C. normal retinal cor respondence 
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ABSTRACT 
This study presents follow-up data on patients who achieved func-
tional cures ~n Inverso and Larsen's study , "Biofeedback-Enhanced 
Visual Training for Strabismics". This present research determined 
if there are common signs and symptoms among the patients a year later 
and if the therapy caused any asthenopia or adverse effects. Also, it 
was determined if they still meet Flom and Ludlam's criteria for a 
functional cure. 
The results showed that each met most of Flom and Ludlam's cri-
teria for a functional cure and that common signs and symptoms were 
manifested by all subjects : all had comfortable vision with no 
asthenopia or adverse effects . If deviation did occur it was usually 
when the subject was eating, relaxing , daydreaming , or after a long 
day, and aligning the eyes was relatively easy for them. Testing also 
revealed an increase in exophoria at far and near since the conclu-
s~on of Inverse and Larsen's therapy . 
Maintaining an orthotropic alignment in the dark was difficult for 
all subjects . It, therefore, appears that visual stimuli are used 
to maintain an ortho posture. 
2 
Of the twelve subjects in their study , five were considered func-
tional cures at the conclusion of visual training. It is the purpose 
of this one year follow-up study to examine these patients to determine 
if: (1) there exist common signs and symptoms among them, (2) they 
still meet Floro's and Ludlam's criterion for a functional cure, and (3) 
the therapy caused any adverse effects. 
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SUBJECTS 
Of Inverso and Larsen's five functional cures , four were able to 
participate 1.n this study. For each subject there are general comments 
and a chart of findings. The charts display the findings before , at 
the conclusion of, and one year after vision therapy. Inverso and 
Larsen's case numbers have been used so that reference between the t'vo 
studies will be easier. 
Case 1 
Case 1 was a 10-year-old white female with no history of lens 
wear, visual training, or surgery. She was diagnosed as a comitant, 
intermittent, alternating, divergence excess exotrope, and hypertrope. 
There was no sign of an angle of anomaly. She underwent twenty-one 
hours of biofeedback, six hours of office visual training, and five 
hours of home training. It has been nine months since therapy ended. 
Before training, a need for reading glasses was found, but her 
parents rejected the recommendation. 
Four months after completion of training she was retested , and 
although she was ortho at all distances, she was suppressing on the AO 
vectographic chart at twenty feet. Also, there was complete inter-
mittent suppression at near with the AO vectographic chart. This could 
be reduced with an add of +1.00 to +1.50 D.S . ; however, as before her 
parents did not want glasses for her. 
At the time of re-evaluation, she commented that occasionally 
her eye deviates but she does not see diplopic which indicates suppres-
sion. She reported her eye to be 11out" when looking into a mirror and 
will then align her eyes. She enjoys reading for periods of two hours . 
In summary , Case 1 has not experienced any asthenopia or other 
adverse effects since completion of her therapy nor has there been a 
change in frequency of deviation. Her eye does deviate occasionally, 
but she can align it easily. During the testing done for this study , 
the examiner observed an orthotropic posture at all times. She has 
sufficient NPC , stereopsis , motilities, and fusion ranges to meet 
Floro's and Ludlam's criteria for a functional cure, just as she did at 
the end of therapy. There was no indication of strabismus with the 
unilateral cover test ; the alternate cover test revealed significant 
exophoria at far and near. The 21-point exam showed a significant 
exophoria which was outside the duction ranges at near and far. The 
troposcope demonstrated binocularity , but this data may merely indi-
cate that the subject was able to fuse the borders of the targets. 
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Case 2 
Data Before Therapy , After Therapy , and Presently 
Before Therapy 
' 
After Therapy 
1-Posture (in pr~sm 0 A 0 A 
diopters) 
Far 30 0 0 0 
Near 30 0 0 0 
2-Phoria 3 X 0 
Far 
Near 9 X 0 
3- Duction BO not measurable Far : 20/12 
Near: 26/12 
4-Duction BI not measurable Far : 18/12 
Near: 30/24 
5-Convergence not measurable 35 
Index Score 
6-Unification 20" Randot for 20" Randot 
a second 
?-Biofeedback Stress Passed all 4 
Field Test conditions 
,I 
8-Refractive Error OD +1.25 -0 . 50 OD +1. 25 - 0 . 50 
X 080 X 080 
OS +1.00 -0.50 I OS +1.00 -0.50 
X 090 X 090 
9-0cular smooth and 
Motilities accurate 
10-NPC WNL 
11-VA OD 20/20 OD 20/20 
OS 20/20 
' 
OS 20/20 
I 
* exophoria 
Present Troposcope Duction Ranges 
First Degree Target (House and Soldier) 
BI 
20/18 
13/12 
14/11 
Second Degree Target (Cat and Butterfly) 
Third Degree Target (Three Paint Brushes) 
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Presently 
0 A 
15- 20* 0 
15-20* 0 
18 X 0 
15 X 0 
Far : 16/4 
Near: 12/-4 
Far: 12/6 
Near: 12/10 
20 
20" 
Passed all 
but in the 
dark .was 
difficult 
OD +1.25 
-0.50 X 
080 
OS +1.00 
-0.50 X 
090 
smooth and 
accurate 
up to the 
nose 
OD 
OS 
20/20 
20/20 
BO 
10/8 
12/9 
34/25 
4 
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In summary , Case 2 ~s visually comfortable and has not experienced 
any asthenopia or other adverse effects since the conclusion of therapy. 
His eyes deviate occasionally, but he can align them easily and there 
has been no change in the frequency of deviation. During the testing 
done for this study, there was no sign of exotropia. He continues to 
have adequate NPC, stereopsis, and motilities , but motor fusion ranges 
are slightly decreased as calculated by the convergence index score. 
There was no sign of strabismus with the unilateral cover test; the 
alternate cover test revealed exophoria. Also, the 21-point exam 
showed an increase in exophoria at near and far and they were outside 
the duction ranges" Troposcope ranges indicated binocularity, but this 
data may only indicate that the subject was able to fuse the borders 
of the targets . 
At the end of the training , the biofeedback stress field was 
passed, but presently, the dark condition was more difficult. 
Case 5 
Case 5 was a 39- year-old male who was in the program for fifteen 
weeks. He was diagnosed as cornitant, intermittent, alternating exo-
trope. There was no angle of anomaly. He had nine hours of biofeed-
back, thirteen hours of office visual training, and fifteen hours of 
horne training. It has been eleven months SLnce the conclusion of 
therapy. He had been previously enrolled for eight weeks of biofeed-
back training in 1979. 
Two months after he met Flam's criterion he was retested. He 
reported that his eye would deviate after a stressful day or when 
relaxing, but he could align it on instruction. Observers reported 
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that the eye was not aligned approximately five percent of the time 
during the day . There has been no change in frequency of deviation 
since therapy . He is comfortable with his vision and has not exper-
ienced any complications since therapy . At re- evaluation, he commented 
deviation of the eye usually occurs in the morning and in the late 
afternoon after a day at work . He is not diplopic when deviation occurs 
but knows by feel that he is not in an ortho posture. 
Case 5 
Data Before Therapy, After Therapy , and Presently 
Before Therapy 
1-Posture (in prism 0 A 
diopters 
Far 26-14 0 
Near 26-14 0 
2-Phoria 
Far 1 
Near 
3- Duction BO not measurable 
4-Duction BI not measurable 
5-Convergence 
Index Score 
6-Unification 
7-Biofeedback Stress 
Field Test 
8-Refractive Error OD -0.75 -0.50 
X 120 
OS -0 . 75 -0.75 
X 060 
9-0cular 
Motilities 
10-:N-pc 
11-VA OD 20/20 
OS 20/20 
Troposcope Duction Ranges 
First Degree Target (House and Soldier) 
Second Degree Target (Cat and Butterfly) 
Third Degree Target (Three Paint Brushes) 
After Therapy 
0 A 
0 0 
0 0 
1-% eso 
Far: 22/12 
Near: 12/6 
Far: 18/12 
Near: 28/18 
31.66 
20" Randot 
Passed all 4 
conditions 
OD -0.75 -0 . 50 
X 120 
OS -0.75 -0 . 75 
X 060 
smooth and 
accurate 
t\TNL 
OD 20/20 
OS 20/20 
BI 
4/0 
10/5 
14/6 
12 
Presently 
0 A 
15* 0 
18* 0 
2 X 0 
14 X 0 
Far: 14/12 
Near: 10/2 
Far: 12/2 
Near : 40/6 
25 
30 11 Randot 
Passed all 4 
conditions 
but the dark 
was difficult 
OD -0.75 
-0.25 X 
120 
OS -1.00 
-0.75 X 
065 
smooth and 
accurate 
211 /4" 
OD 20/20 
OS 20/20 
I BO 
13/10 
18/16 
20/16 
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In summary , Case 5 has not experienced any asthenopia or adverse 
effects since therapy . During testing there was no sign of exotropia. 
His NPC and motilities are comparable to that found at the end of train-
ing . There has been a slight decrease in stereopsis and in the motor 
fusion ranges . The unilateral test showed no strabismus; exophoria was 
revealed with the alternate cover test at near and far. Also, the 
21 - point exam demonstrated an increase ~n exophoria at far and near 
from the end of therapy . Troposcope ranges indicated binocularity 
but this data may only indicate that the subject was able to fuse 
the borders of the targets. 
At the end of training , the biofeedback stress field test was 
passed , but the dark condition was more difficult during th i s evalua-
tion. 
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Case 6 
Case 6 was an 11-year- old male who was in the program for twenty 
weeks. He had five hours of biofeedback , forty-six hours of office 
training, and fifteen hours of home training. It has been eight 
months since conclusion of the therapy . Previous to this training pro-
gram, he had been through seven weeks of traditional strabismic train-
ing and four weeks of amblyopia training. He was diagnosed as a 
comitant, left unilateral, periodic exotrope, and hypertrope. He was 
also anisometropic and aniseikonic. There was no angle of anomaly. 
One month after therapy, he reported that his eye deviated about 
five percent of the time, placing him in the "almost cured" category 
of Flam's criteria. 
He is comfortable with his v~s~on and has had no asthenopia s~nce 
therapy. His eye deviates momentarily once every three weeks to a 
month. This deviation usually occurs when he is relaxing and becomes 
apparent to him through diplopia or when looking into the m~rror. 
Case 6 
Da t a Before Therapy , After Therapy and Presently 
Before Therapy 
1-Posture (in pr1sm 0 A 
diopters) 
Far 25 0 
Near 20 0 
2- Phoria 
Far 
Near 
3- Duction BO not measurable 
4-Duction BI not measurable 
5-Convergence 
Index Score 
6- Unifica tion 
7-Biofeedback Stress 
Field Test 
8-Refractive Error 
9-0cular 
Motilites 
10-NPC 
11-VA OD 20/20 
OS 20/40 
* exophoria 
Troposcope Duction Ranges 
First Degree Target (House and Soldier) 
Second Degree Target (Cat and Butterfly) 
Third Degree Target (Three Paint Brushes) 
After Therapy 
0 A 
0 0 
0 0 
8 X 0 
3 X 0 
Far : 8/6 
Near: 10/8 
Far : 16/14 
Near: 8/8 
17 . 5 
30" Randot 
Passed all 4 
conditions 
OD +0 . 50 -0.50 
X 88 
OS +3.50 sph. 
smooth and 
accurate 
WNL 
OD 20/20 
OS 20/25 
BI 
35/30 
30/27 
38/35 
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Presently 
0 A 
10-157< 0 
10-15* 0 
18 X 0 
15 X 0 
Far: 6/4 
Near: 12/-4 
Far: 12/6 
Near: 12/10 
13.33 
30-40" Randot 
Passed 3 con-
ditions. In 
the dark tone 
was heard. 
OD plano 
-0.50 X 
090 
OS +0.25 sph. 
over re-
fraction 
smooth and 
accurate 
2"/1 11 
OD 
OS 
BO 
18/13 
25/18 
25/20 
20/20 
20/25 
16 
In summary, Case 6 comments that he has comfortable v~s~on and has 
not experienced any asthenopia or adverse effects since therapy . There 
has been no change in frequency of deviation. During testing, there was 
no sign of exotropia observed by the examiner. NPC, ocular motilities, 
stereopsis, and motor fus i on ranges still remain the same as at the end 
of therapy . There was no s~gn of strabismus with the unilatera l cover 
test; the alternate cover test revea l ed exophoria at near and far. 
The 21 - point exam demonstrated an increase in exophoria at far and near 
and the phoria was outside the duction ranges. Troposcope findings 
showed binocularity but this data may only indicate that the subject 
was able to fuse the borders of the targets. 
The biofeedback stress field test was easily performed at the end 
of training . However, at the time of re - evaluation , the tone was 
heard several times in the dark condition . 
DISCUSSION 
The results indicated that there exist common s i gns and symptoms 
among the four cases . First, all four subjects remained cosme t ically 
straight. If the eye did deviate it was usually when the subject was 
eating , tired , relaxing , or daydreaming. 
Case 1 noticed the eye was tropic when looking into a m~rror and 
occasionally would suppress her left deviating eye, which was also 
noted at the end of training. This suppression might have been erra-
dicated if the parents would have agreed to the indicated near pre-
scription . In Case 2 , the eye would deviate when the patient was 
eating. However, when his mother commented on it he could align the 
eye . In the morning , he would use diplopia as a tropic s~gn . Case 
5 knew his eye was tropic by 11 feel 11 and did not care to use diplopia 
as a clue because of resulting headaches . Case 6 experienced diplopia 
when the eye was out. Although each subject had her own method of 
knowing when an eye was deviating all the subjects could align their 
17 
eyes easily. Also, all four stated that there was no change in fre-
quency of deviation in the normal environment since the end of therapy . 
During the testing of this study no strabismic behavior was demonstrated . 
Another commonality was found with the biofeedback stress field 
t est . At the end of therapy , all four subjec ts passed easily ; but the 
condition in the dark was more difficult , especially in Case 6 . 
Therefore, each demonstrated that a visual stimulus is important ~n 
maint aining an orthotropic posture . 
At the beginning of therapy all subjects showed exotropia at far 
and near as measured with the unilateral cover test . However ; at the 
time of follow- up no subject was tropic . With t he alternate cover 
test, exophoria was demonstrated at far and near. Also, there was an 
increase of exophoria at far and near as measured with the phoropter. 
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The subjects were comfortable with their v1s1on and had not exper-
ienced any asthenopia or adverse effects from therapy. No subjects 
showed changes in NPC, motilities, and only in Case 6 was there a 
slight decrease in stereopsis which are all conditions of Flam's and 
Ludlam's criteria for a functional cure . 
Normative analysis convergence index scores showed a change in 
due tion ranges. In Case 1 the index score fell from 40 to 30, \vhich 
is still above the suggested cut off point for visual training. Case 
2 had an index score of 31.66 at dismissal; now it is 25, borderline . 
Cases 2 and 6 decreased from index scores of 35 and 17.5 to 20 and 
13.33, respectively. For these two cases booster visual training 
is indicated. 
Duction ranges taken with the troposcope demonstrated that the 
patient did have binocularity , but this data merely indicates that 
the subjects were able to fuse the borders of the targets. 
In three of the four cases , the recovery duction was inside the 
phoric posture. Haynes 5 has provided a couple of explanations, the 
first relates to the method and sequence of testing which was used. 
Since the phoria was not measured immediately after the break points 
"we do not know the dissociated posture of the eyes following the 
break points". In doing the duction test, if the examiner did not 
turn the prism beyond the phoria, a convergent movement was measured 
instead of a divergent one. In order to measure a base in recovery 
the prism magnitude needed to be greater than the phoric posture. 
Another explanation is as follows: 
''With your (sic) patients, the duction test was started 
with no prism and binocular fixation. The rotary prism 
magnitude was increased binocularly, until a break 
(diplopia) is reported. The response up to the break 
point is a relative convergence or divergence tracking 
task. When the eyes lose binocular fixation (break) the 
patient's eyes move rapidly to the strabismic posture. 
While the eyes are in their tropic trajectory and before 
the patient reports diplopia the examiner continues to 
increase the prism magnitude. Thus, when diplopia is 
re'ported and the examiner stops changing the prisms, the 
magnitude is outside the recovery range for binocular 
fixation. (The prism values are generally less than the 
tropia.) Your (sic) patients were trained to respond to opti-
cally induced diplopia with the var1ous orthoptics 
procedures." (Refer to Appendix III.) 
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SUHNARY 
As of one year after therapy , all four subjects are visually 
comfortable and have not had any adverse effects or discomfort . It 
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was found that there are common signs and symptoms that can be expected 
of a strabismic treated with auditory biofeedback and conventional 
visual training . All four subjects met most of Flom's and Ludlam's 
criteria for a functional cure . Two patients had below normal motor 
fusion ranges. Since there were no measurements taken after the bio-
feedback therapy , it can not be determined if the treatment was due 
to traditional therapy , biofeedback or a combination of both. 
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SUGGESTIONS FOR FURTHER RESEARCH 
A re-evaluation of each subject every two years would provide ev~­
dence as to the long-term effect of auditory biofeedback and visual 
training . A thorough case history and analytical visual examination 
would be needed. 
A study that involves a visual examination at both the end of 
biofeedback and traditional visual training is needed. This will enable 
the exam~ner to determine which visual changes occur only due to 
biofeedback . 
APPENDIX I 
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APPENDIX I 
This is an excerpt from Hayne's Chapter 2, Normative Case Analysis 
for Refractive and Motor Test. 
There are three steps in calculating the index score. 
1 . Convert each clinical measurement to a standard score 
(SS) for each test item. 
ss = Ox-M PE 
Where: Ox 
M 
PE 
the clinical finding 
mean value 
= probable error which is 
2/3 of a standard devia-
tion 
2 . Convert Standard Score to Point Score using convers~on 
table below. 
CONVERSION CHART 2a 
PERFORMANCE INFERIOR NORMAL SUPERIOR 
STANDARD SCORE f.. -3 . 1 L -2.1 L -1.1 0 + 1 PE .L +1.1 
- - -
- -
POINT SCORE 0 1 2 3 4 
3 . Sum point scores and divide by the number of tests . 
Multiply the result by 10 to obtain an index score. 
An index score of 25 or higher is considered normal; and below 25 
considered deviant, with visual training indicated. 
EVALUATION OF BINOCULAR CONDITION AFTER AUDITORY 
BIOFEEDBACK TRADITIONAL VISUAL TRAINING 
I. CASE HISTORY 
A. General Questions 
1. How have your eyes been? 
2. Does the eye ever go out of line anymore? If so, how 
often? 
3. If eye does go out of line, do you see double? 
4. If eye is ever out of line, are you aware of it? 
5. What circumstances , if any, seems to make the eye go out? 
For example, when you are tired or angry? 
6. Do your eyes bother you 1n any way? Such as pa1n, discom-
fort, or double vision? 
7. Do you always see cLearly and singly 1n school? At work? 
II. ANALYTICAL REFRACTION AND STRABISMUS WORKUP 
A. Biofeedback Test Far Near 
1 . Vertical line 
2. In the dark 
3. Acuity chart 
4. Looking at an empty wall 
B. 21-Point Exam including motilities, NPC, and rotation. 
C. Orthoptic Evaluation 
1 . Cover Test 
Primary 
Gaze 
Far 
Near 
Alternate Unilateral 
Obj. Subj._ Obj . Subj. 
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Cover Test Alternate Unilateral 
Superior 
Gaze 
Far 
Near 
Inferior 
Gaze 
Far 
Near 
Left 
Gaze 
Far 
Near 
Right 
Gaze 
Far 
Near 
2. TroEoscope Ran~es BI BO 
1st Degree 
2nd Degree 
3rd Degree 
APPENDIX III 
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PERSONAL COMMUNICATION WITH H.M. HAYNES, O.D. 
Observation of the recovery of the base in ductions inside the 
phoria in a previously tropic patient has several possible explanations. 
The most probable explanation relates to the method and sequence of 
testing which was used . In your example below, the phoria (tropia) 
was not measured immediately after the break point of the BI duction. 
Therefore, we do not know the dissociated posture of the eyes following 
the break points. For simplicity , assume that the eye posture follow-
ing the break equalled the measured distance phoria value (#8). Your 
example: :ff8 = 35 xo, :ffll = 20/15. If the examiner did not turn the 
prism beyond 35 BI following the break point , then a base in to 
recovery measured from the dissociated posture was not measured. A 
divergence movement from the tropic posture was not measured in th i s 
example. Only a convergent response from the tropia occurred. To 
measure the base in tropia-recovery response in the initial base in 
prism magnitude would have had to be greater than the phoric (tropic) 
posture. 
To measure the base in or base out duction range t o break and 
recovery the test should have been started ~ith 35 BI prism . In 
strabismics , duction behavior may be quite different when preset with 
no prismor with the average phoria (tropic) magnitude . Given the low 
correlation between phorias and duction recoveries* on subjects with 
normal binocular behavior , there should be no surprise that strabis-
mics may show even greater variability particularly after V. T. The 
transition from binocular fixation to s t rabismic posture is very likely 
a discontinuous function in mos t periodic strabismics . The assumption 
that a tropic response is simply the ex treme response to an excess~ve 
phoria is not theoretically justified . 
A second explanation is described under the d i scussion of response 
to diplopia under ductions . 
The repeated observation of la t eral prism vergence recovery magni -
tudes greater than the initial break (diplopia) values is not an 
uncommon clinical observation following visual training with strabis -
mic patients. It is most frequently observed with exotropes . If 
strabismic postures are discontinuous functions , this result is not 
unexpected . The phenomena is occasionally observed in patients with-
out a his t ory of strabismus or binocular dysfunction ; 
Clinical observation of patients with this phenomena shows at 
least two different explanations for the event. With your subjects , 
the duction test was started with no prism and binocular fixation. The 
rotary prism magnitude was increased binocularly, until a break (diplo-
pia) is reported. The response up to the break point is a relative 
convergence or divergence tracking task. When the eyes lose binocular 
fixation (break) the patient's eyes move rapidly to the strabismic pos -
ture. While the eyes are in their tropic trajectory and before the 
*phoria - recovery relationships vary from 0 to - + . 3. 
9 percent of var~ance . 
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patient reports diplopia the examiner continues to 1ncrease the pr1sm 
magnitude. Thus, when diplopia is reported and the examiner stops 
changing the prisms, the magnitude is outside the recovery range for 
binocular fixation. (The prism values are generally less than the 
tropia.) Your patients were trained to respond to optically induced 
diplopia with the various orthoptic procedures. When the examiner 
reduces the prism the patient responds to the diplopic stimulus for 
recovery of binocular fixation. This response is a very different 
response than the relative tracking which proceeds the break point or 
follows the recovery of binocular fixation. Correlations between breaks 
and recoveries in a normal population provides statistical evidence that 
these are different responses mediated by different stimulus and response 
variables (r • .2 to .6). 
There are at least four sets of variables which must be considered: 
(i) the magnitude and time course of the eyes to obtain the strabismic 
posture following disassociation, (ii) the quality and extent of the 
convergence or divergence relative tracking skill, (iii) the skill of 
the patient to detect and respond to perceived diplopia, and (iv) the 
test field and instruction used. The effect (recovery) break) can 
be produced on many normal subjects by turning the rotary prisms much 
faster (larger angular velocity) to the break and then turning the 
prisms slowly to the recovery value. 
The second explanation involves measuring a strabismic where one 
eye has a distinct suppression zone. The prism to the break point does 
not measure a relative tracking response. It measures the first recog-
nizable diplopia during a monocular visually organized sensory field 
response . The return to "oneness" is a return to the monocular visual 
organization by suppression, not binocular fixation. The response to 
"diplopia" is suppression not binocular fixation with binocular sen-
sory processings. We have the occasional circumstance where the return 
to suppression behavior following optically induced diplopia is of 
greater magnitude than the first detection of diplopia. 
Evaluation of all your data indicates your subjects have retained 
their skill of responding to optically induced diplopia. The suppres-
sion hypothesis cited above does not appear to apply to your cases . 
